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The development of instructior.l materials, or "courseware,

constitutes a major component in the use of computers or other

media for instructional purposes (Carmegie, 1972; Anastasio and

b N .
Morgan, 197‘{; Hunter, et al., 1975). This paper reports on a
.:tudy'of procedures used by a number of groups to develop

courseware for-the FLATOS system, Thg.como:i elements in the

»

steps taken to develop usable courseware, the personmnel
considerations involved in this task, and factors which exarted
a strong influence on-the process of courseware development are.

described, Thé discussion should help to clarify the complex

R R

-

task of c;:ursﬂewa»f; development and stim_lat.e further efforts
t;) refine the process, . o

There have been many publicl:ations which propose rourseware
development procedures (see reviews by Gagné and Rohi;;r, 1969;
Merrill, 1971; Schutz and Baker, 1971; Glaser and Resnick, 1972;
Mcxéachie, 1974). A few articles have included descriptions of

th; operations of courseware development efforts (Yelom, 1973;

-Reed, Ertel, and Collart, 1974; Cashell, Lent, and Richardson,

1975; Diamond, % al., 1§7,5_), w!iile others have described the
Tesearch or theory on which-méeduru were based (Bruner, 1966;
Anderson, et al., 1969; Gagné, 1970; Atkinsom, 1972; Atk:ln-son
and Paulson, 1972; Merrill, 1972; Merrill and Boutwell, 1973).
Further articles have dealt with general limitations of the

courseware development process (Locatis, 1973), the political
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contexts of these efforts (House, 1974; Fraley and Vargas, 1975),‘“
and methods forﬁ evaluating the Jifferent procedures (Felker and
Shettel, 1975; Smi.tl'; and Murray, 1975). In addition, there have
been publications dealing with the unique aspects of inetmctional‘
development for computer-based systems (Bundersoﬁ, i973; .
Hillelsohn, 1974; Reed, Ertel, and Collart, 1974; Broderick, 1975;
Eshenbrenner and Lamos, 1975). Howiver, there have been no
previous attempts to ‘study a variety of procedures., Without close
examples to follow, this study could i:aké only a broad,
preliminary look at the spectrum of courseware development
procedures used with the PLATO system and the factors which '°'
influence them, Its purposes include the following:
1, Synthesize the procedures used by people working
wi.tp the PLATO system through ’the 1974-75 ‘
academic years into descriptive models of the
stages that instructional lessons went tﬁrough
as they were developed and of the‘personncf
structurés that were used to accomplish this
work, ’
2. Raise questions about the deteiminants of the
gselection and productivity of t':hese procedures,
3. Recomend‘ hypotheses and method‘:.logies for
further research on courseware development

procedures,
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No atZempt has been made to relate thisfstudy to judgments about

- the effectiveness of the courseware or the individuals invelved.

Therefore, final judgments about the procedures would be premature. -

Hopefully, other researchers will use the recommendations of this
paper in collecting the data necessary to clicose among the various
courseware development procedures described,

The data for this studf were collected between June, 1974
and March, 1975 through interviewd with 122 people who were
involved in the development of courseware for the PLATO system,
With fewrguidelipes coricerning the specific information to se ‘
sought, queséionnaires, on-line data records, and daily iogs were
found to yield iné;mplete descriptions of procedures, which were
rapidly changing.” Interviews (see appendix) provided the
flexibility to ask questions appropriate for’ each intervievee
and yet to cover a broad ran‘sc of topics. The people to be
interviewed wnr; selected on the basis of their affiiiationc wvith
ccniin-§roupa of developers, All projects’ which were fund-d by
’;hc aécncy which funded this study were inciudcd. In addition,
seven groups sﬁpported as part of a national field trial for PLAIO4
in public education, three university-based courseware -development
3rou;s and three support groups, organized to support development .
efforts of other groups, were included. See Table 1~£o; a listing of

the groups, the dates of their interviews, and the number of

\ peopnle interviewed. More information about the data collection

procedures can be found in the final section of this paper.

'
\ T
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. Insert Table 1 about here
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In order to put the discassions of procedures and their
determinants into context, the next section describes the PLATO

_ system. The following section deals with the stages of courseware

dev_elopmeﬁt and the characteristics of the courseware which sffect

—
its development. The organization and management o¥ coursmre

development efforts and’ their Ainuences on the process are ‘then

described. The report'v\ctm udes with a combined summary and -

research.
N

recommendations for furt

THE PLATO SYSTEM

Development of t@e PLATO system has been carried on
continuously at the U;uversity of Illinois since 1959. The first
‘ptoduct "of this research wnf fIAIO I, a si.t;gle terminal, prototype
systea using Illiac I, an early electronic coﬁputcr. Subsequent
developmental steges, PLATO II and PLATO 71, were multi-user
" systems of incrusi.ng size and sofhistication. The current
system, PLATO IV, became operational in 1971 and came into
extensive use in 1972 (see Lytn#n, 1975 for historical
highlights and a 1ist of publications describing the development

of th/e PLATO systemn).
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Features of the ELATO IV System

. The PLATO IV system has seoveral distinct hardware features
vhich directly and 1nd1rec:1y 1nf1uence courseware developaent
'procedures (Nbod 11975).

'1)

2)

3)

&

These® ineiude:\

Plasma displqy panei,terminals vhich can
selectively diaplay and_erase stand(rd
alphanunnr}c or userydesigned characters and *
lipn‘&;awihgg at any sc' :en location.

These terminals can also sLpport rear
projection microfiche fﬁage seleétors,
touch-initiaééd input, random access audio
dévgces, and a variety of‘other peripherals.
The terminals can be used either by developers
to creaie new software and coursevare or by

< .
students to interact with the cdurseware which

-

‘has been developed (Stifle, 1974),

A large central computer to which 1,000 terminals .
can be cqnnccte&. The extended core storage or
BCS: an integral part of this computer, allows
rapid response to input from users at terminals

(Stifle, 1972),

A telecommunications network which uses microwave

trnnsnis’ion, voice-grade phone lines, and other

-

e ¥
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devices to conmnect remotely Jocated terminals

to the central processor (Sherwood and Stifle,
1975). ' ’
In-saddition to the unique ccfiection of hardware involved,
another distinctive and important component of the syst- . 8
TUT0R authoring langusge (Tenczgr, 1975; Sherwood, 1974).

q«voloMt of this language bggan at the University of Illinois

' 4n 1967 (Avner and Tenczar, 1969) and has beed refined contimuslly

on the basis of thé experiegje and needs of the users (rfenczar,
1975). 1its key features imclude: - :
" 1) Computational features, s'uch as {mplied
mlttiplication'md superscripts for exp??nento,J
that 'clouly mimic natural algebra,plus coq)i.latiéni
of all calculatidn: into machine code for rap1l
executi.;n_. ¥ ‘

2) Mrous commands which enable develoinr’s to take
advantage of the graphic cagabil:lti.eo of 'thc L
pla: ‘a display panef ter;unals. ' . ‘

k)] !x%:cnoive answer-judging capabilities.

4) A large ulectiori of branching comnands to assist
in h;dividuali?tion of instructiom. '

There are five discernible cate_gor’ies or levels of software

_4n use on the PLATO system. These sre:




1)

2)

e, -

1 R
S—
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3)

Syster software for running PLATO programs,

including the display formatter, the TUTOR

language compiler (or condensor), a memory
mannger,‘and input-output support.

Systen aoftwnre for supporting and facilitating
computer-based education. These include cours;
rosters or "records” through which instructors

give access to the system, "routers" for

sequencing students through instructional

segments or ”lealonl;" and routines for

collaction of data which aunanize‘studenta' progress
through the lessons. |

Systems software for assisting in the development
of lessons. Among the most important features
provided are: the text editor which includes
powerful tools for the créht{on of displays;

AIDS - an online guide to th; TUTOR l;nguagc

and PLATO system; special inter-terminal
comnunications support which allow a user to

view another user's lesson materisl, ss well °

~as to "talk" to the other user by displaying

typed messages simultaneously on both screens.




4) Programs provided by the user for inter-lesson

' routing, student data collection and analysis,
and special online admihistrative routines.

- Such support programs are generally written to -
enhance or extend the capabilities of the software
mentioned in 1 and 2. ;o

5) '"Lessons” or instructional ;rograms which cont;in
’ ‘ the specific information and displays which are v

presented to the student. Students using a
condensed lesson do not see the actual TUTOR

code which operates the displays which they see.

'Various types of lesson: are described _m a later -

A

F’ ‘ section.

The last two categories of software are called "courseware” . v f:
in this paper because both instructional "lessons” and the
support programs in category four had to be developed by the
courseware development groups. The effects of develdping support

programs are discussed in a later gection.

‘Coursevare has been developed’in ﬁumerous subject areas gnd
for levels of inattucgion ranging fr?n preschool to graduate
education (Lyman, 1975b). These efforts can be roughly divégcd

1]
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1 :to three time periods, as follows przlor to 1067-68 1967-68
to 1971-72 and 1971-72 to 1975 76. Dui‘:lng the/f}‘st period, the
PLATO system itself Q?s being develobed through fversions I, 11,
and III with pri.mary,;~ di.n from the U. §. Department of Defensa.
Courseware develdpment as cessari.iy limited to a few orgahized
efforts at tﬁe University of llinois. A rudiments:y language
for courseware -development. ﬁca'l.\rle/d CATO, was introduced in 1965,
but developers h?d to be quite ‘Onverunt with ovher computer
programming languages. (ne research project on courseware during
the period was funded by the U. s. Office of Bducat:lon (Easley,
1968) . Smne efforta vere the work of i.ndividﬂul,s without outside
support or with smll grants from vari.ous son/rcén.

i

Two events in 1967-68 affected coursewu'e development:
eff&ta on PLATO, Fi.re » the Cmnputer-based Bducntion Reuarch
Luborktory (CERL) was eptablished to cont\inuo research and
dmlopl:ent on thé systﬁu and to provide erational support for
system users. Second, t?\e TUTOR language was ‘introduced as a
mesns ‘for developing couneware without an extensive background
in co;;tcr use. These ' aents\ led to the beginnings of th. first
.four groups included in E:io study and many other effofts. Most
of these "groups" were initially just individunla who became
interested '.md started to work c;n their own. An additionsl

impatus to expansion was the infusion of funding from a variety

of sources, includix{g the National Science Foundation; the U, S.

1Y
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Depart—ment of Defensg' the State of Illinois; the U. S. Department
of Health, Education and Welfare; the Nztional Institutes of
Eealth; the Metropolitan Museum of Art; the Ford Foundation; the
U. 8. .Agency for International Development; the Control Data
Corporation; Owens-Illinois, chl; and others. Some of these
funds were grantea' for' speci.fic: courseware development efforts,
but much of -the money was dev‘ot;i’ed to thg development of the
system vhich was then available at no charge to anyone with the
initiative to get i.nvolv;ed. - '

In 1971-72, the PLATO IV system with fq increased’ 2
capabilities and availability, as already déscribcd, was

~

:I.l;troduced. At approximately the same time, multi-million dollar

.W‘UW" .
¥ ’

projects to test the instructional, technical, and éost

&

3

e o »f-‘:"'»“» effectiveness of PLAi’O over a period of four and a half years me(
‘(unded by the National Science Fgut;dati.on and by the U. 8. “
D;Rartmnt of Defense through its Advanced Research Projects Agency.

" Botl.‘i‘*-‘l?rojects included significant commitments tl}at coursevare
mld’\xg usea and evaluat 1, although specific ‘coursevare
devel;;mcnt mechanisms vere no:t prescribed. Later, additional funds
had to be appropriated for courseware d‘evelopunt because there
proved to be insufficient support availzble for these efforts.
Moat of the groups included in this study reccivod support from
these two projc::tu and hence may be a biased sample. An

effort wae made, ‘therefore, to include threa'otber' groups eveﬁ

though the wide variety of small efforts could not be included.

]
{
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At the same time that CERL received these large grahts, the

Educational Testing Service received separate contracts to conduct
an independent evaluation»of the NSF project and to facilitate
instructional research related to the ARPA project (Anastasio,

\

1972; Alderman and Mahler, 1973). The later co\ﬂ?act included a

- comnitment to study the courseware development proifdures usaed

with the PLATO system. This paper is.the report of\shat study
reports on other aspects of these projects will be 1s$ped ’

separately. ) i \ T

"~ -
. _-

X,

.,

- - : COURSEWARE

Stggec of courseware develpgggnt

In order to provide a focus for the following discussions of

the deq;rnintnta‘éi courseware developmeqt procedures, this . \

section begins with a generalized description of the procedures
under investigation. Tyis deécripti&n shares many cha;actcristico
vich the nuncroui gepcral instructional development systeams whiﬁh
have been.propoaed or described (for example, Gagné, 1962; Glaser,
1966; Smith, 19663 Biggs, 1970; Schutz, 1970; Gerloch and Ely,
1971.,Johnson nnd Johnson, 1971; Kemp, 1971 Pophnm, 1971; Baker,

' 1973; Etsele, 1973; Pents, 1973; wauen, 1973; Cagné and Biggs,

1974; Sow and Yeager, 1975; Kozma et al., 1975; McManus, 1975).
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There is also correspondence with a proposed\\s‘:mt for reporting
on PLATO lesson development, which includes th\é\stages of general
planning, preliminary design, final design, formative evaluation,
implementation, sunﬁative evaluation, at;d mintemnc.\e (for a
description of these stages, see Avner, 1973). The d\ cription
given here had to be made more fiexible and less prescriptive
than previous descriptions tecause of the widg variety of \\
apProaches used by PLATO developerq. Some groups have adopted
rather elaborate and structured procedures, ﬁilg others have
proceeded on an ad Liﬁ:_ basis. Figure 1 is ;‘nr.ended’as\ an abstract
sumwLry and not as a desér\iption of: any particular group ori*
fapproaéh.

ey
© "“Insert Figure 1 about here
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™

Planni’ng'. It 18 possible to start with aay of the three
activities which make up the planning stage (see Figure 1). ’In
many cases, the content or behavioral o}.-jeqtives were defined, an
appropriate instructional strategy was selected, 'and then a basic
program structurc was created or adapted from anuexist:lng lesson. \
In other cases, the developer began b;cause of well-formulated
pedagogical reasons with a commitment to a particular instructional
strategy, suchﬁu drill and practice or simulations, the\n

|

|

|

% . i:dentified oppropriate content cbjectives, and finally ’speciﬂed
[ the program structure. In rare cases, a developer chanced upon*
[

3

f

3

-

19




\dctcmimd, each lesson was planned independently.. - o S - . P

thoughts of an individual to written proposals which were reviewed’

oriented groupc, while the othcr nine groups had more formsl mechanisms,
" such u revised proposals or group uetingl.}ZQm found that in

13

an interesting %rogran, usually a game, and then developed
objectives and selected content from a different subject area to -
fit that format.

The depth and breadth of material being planned varied across
groups and time. Four of the thir:teen production-oriented groups
started with the idea of developing curricula for single courses or
multi-year educational programs. Five groups and some members of
another group started with individual lessc. ; and then later planned
entire curricula. The other members ot’thg split group and\‘ﬁotl‘nr :
group planned inaividual lessonls'whic_h vere never hex‘pandéd :into
entire curricula. Two othér groups deci:ded-to develop lessons "irh:l.ch
fit into an existing curri'culu,n, but ox;ce the topics had been

o

The- foﬁulit;y of‘ the pianning process ranged from the personal

‘.
. o
LN - S L

by a comittu. Likewise, refinements to plans were b'aud on personal

comsytiications between developeu in four of the thirtuu production-

i
*
g
¥
i
T
5
e
P
-
%
#

add:ltion to rcv:lsing the plans for individual lcuon:, mlvc of the

thirtm groups made changes in their ovc;gy goals. Such changes :
included new target sudiences, reductions and expmit;ns in the breadth

- mvcragc, reductions and expansions in the depth nf coveragc,

[

reductions and expansions in the number of institutions to be urvnd,

and changes from a research orientation to a production orientation.
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Production. Al geen-in Figu::e 1, production is the center
of the entire courseware development process. -Ir entails the
fabrication of the duign specifications of the planning stage
aml the nodifications luggested by the review and validation ‘
ltlgu. It is conplete% only q\l_tgu the lesson is ready for
op;raeioml use by stidLnts. i’foductiéu vas largely carried out’
by individyals vho were sufficiently proficient with the TUTOR '
language to program the lessons under development, alchough
DON-pProgrammers frequently furnd shed suggestions and 1deu‘s

Since production involves all coding and debmgtné of -

' l'ouons.,’ it was geperally the most ti,uie-éoniudng stas; of the -
\ - }rocns.« In general, thie nount of éroduction vork was r_gportéd )
to be inversely related to the auiBunt of d;tdl in-the design
\ | ’:p'c’cificauons and directly related to the number of rcvi.d.on{
! cauud by ¢:1ri.t:1¢.'1.ulu,U ‘the discovery of odbsim,“cud the cr'uti.on
of m ﬁe‘as frdn other stasu.. Although there is po conclusive
B A\ cvidcnce, it appears tlut productior: time was also affected by
\\ _the co-plcxity of the leuonl, the use of intra- am! inter-lesson
7\ \ comctiom, the use of complicated graphic di.splcys, and tlu
' \nud for special data collection routines. o
- - \\ . Alwost .all productfon work by the vut uﬁ:of the
}cx.hpcn was dom whilo_ using a PLATO ternlml. While a very

fn\»{c went to t‘u extreme of writing out their mon code !
* ' befo 'hmd\gip“ph \l\udonly a gngrul notion of the code they
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wera about to produce when they sat down at a terminal. Some

people developed flowcharts, particularly for complex support

routiues, before they began programming on-line. Most QeveIOpé;
used printouts of their existing code when making revisionms, \\
partly because the limited size of the PLATO screen does not \
allow all parts of the program, which may have many interactionms,
to be viewed simultaneously. One reason for the great“g}ﬁbunt of
c‘m-:"li’ne work w;s the ready access of the system beginning fn
197‘2-73. Another ream;n is the availabi:lity of many on-line a:l(is .
and the c;pability of téstin.g out new sections of code immediately.
One developer co;tended ‘that ‘since interaction with c@ter-baseq
courseware is very desirable and beneficial, it is only natural
thgt experienced dévg_l_gpéra would use a great deal of ,on-line

il

v g ~ _
Review. Not only were a variety of pevple asked to critique

int'eractiong:ln their own work habits.

lessons, but their .opinions on the quality of the imstructional
strateﬁy, the efficiency of the codirng, and the accuracy of the
*» . q
. s i s
subject matter content were all the targets. of reviews (see

Table 2). In some'group.s this process‘ yas quite £oﬁlized amd o

* was suporviud by someone other than the- primary uevelopers \

(rnnc:lu, Goldstein, and cheney, 1975, Essex, 1975),

£

in other groups each author informally solicited comments

according to personal preference. Wbile“ipersc;nal, face-to-face

»

review by a peer was the most common form of review, some groups

22 . »
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1 the developer to furnish assistance if the Qtudentr_cqul& oot

16

found it beneficial to have critiques given in written form
because of the great personal: attachment t:hat:‘some authors'hgd to
tiuir lessons (Frangis, ét;ldstein, and Sv;éeney, 1975; Esse.x-, 1975).
In addition to ?ritiqnes by peers and exp.erta, the review stage
incluued irifiel student. testing, which vas often done with
fragmnt:s of lessons as well as complete lessons. Hhile some

groups collected and amlyzed on-line data and written comnnt:s

‘iron these fira; students, most information from’ i.nit_ial_ -st:udent .

testing was .cfillecg;ed' by watching the: first few stude..ts and

. < .
observing problems as they occurred. This procedure also allowed

‘prOceed .

As ‘Table 2 indicates, other developers, who were usually from.

the same group as the primary QQVQiOperﬁ:Qf - lesson, were the most’

S,

common revievers. Hooé groups alsé didl some type of student
“testing before luking a lesson generally avd.lable or using it as
ynrt of the regular instructional progrem. The fev ext:emnl :
experts who were used as rcvimrs usually looked at: only the
overall 3«'13 of the project with specific leum 'u o:wnp_lu.
The content and instructional design received about the same
amount of review and were oftenqrevimed ‘simultaneously.. The T

w b . 2

“actual TUTOR code received less review, as would be expected,
and such reviews usually focused on identifying pot:ent:ial

"ﬁa-ends“ or other programming "bugs

- <

23
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. Insert Table 2 about here

Validation and documentation. Although some PLATO lessons
h;ve been validated and docunented& many have not yet reached this ;
stage of development or were inteded for piivate use. Proper
validation and documentation can be very useful in encoufgging
:the widespread usage needed to justify the substantial g;panditureiv
of time and xeaourcéa used in the preéiqus stages of éoursqware‘
dgvelopni;:t-iAwngr (1973)'encout€éed that .documentation and
vall&atiqn be built into the entire process of lesson deveiopnent
and not simply added on thevend. Hé ;dyocafe¢ an 1ter§t1v-

- approach which creates increasing specification oﬁ the target
audience, objectives, instructional strategies, and validating
evidence as the lesson itself is developed. Avner (personal communi-
ciyion)lug;catcd~five types of validatiﬁj 93:: uhié? canﬁbo ngsily
collected by the ny;E¢n: student time spent, degree of 1ntngact{bn,
iclloq difficulty, aniicipatibn.of student needs; and relation to
external measure of achievement, attitude, or begmr:l.or:.'~

Most of the documentation of PLATO courqewarcﬁih;; exists
thus far focuicg mainly on dehcriptionn of the content ana
1nntrﬁctionii AGiign (see Lyman, 1975'fo; a list ofvpub}icatioﬂs

about PLA&O).' Statistics on usage, reactions from students and

instructors, and records of student response data collected by
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. . ¢ -
the system are also included (for example, Alpert and Jordan,

1976). 'l‘qblished comparisons of PLATO courseware and other forms
of instruction have been written by McKeown and Lenzhen (19.74),
McKeown (1974), Bennett (1Y/5), Dare et al. (1975), and Montarelli
(1975). In addition, there are reportedly other internal or
unfinished studies 'Iof the effectiveness of PLATO courseware.
“Implementation. The three tasks of the implementation aicag'e
-‘ate-quite distinct (see Figure 1). Auaim:enanc'e of 1gasons '
. includes the'dohitor:lng and analysis o{ data being contimuously
eollect:ed, making winor programming changes :I.n response to system : '
. . changes, and adapting ‘materials to fit the needs of new uaers, for
oxalple, chang:lng the sequence of certain leuona or the type of
utheuucal notation used. The groups hwolved in the NSF
project were carryi.ng out such tasks, but most other groups vere
not yet provid:lng such urvi.ces to other users. Updating )
materisls implies substantive changes which should be untic.r.-takin
onl} by a quali.ﬁed professional, presumably with ‘the permission’
J . or cooperation of the original developers. Such changss ::culd
‘feflect new knowledge in the subject area, system ‘capabilities
which were sither unsvailable or simply unused, or improved
inlcmctioﬁal strategies. None of the groups were yet updating
lessons at i:hc time of this study. Grou‘f\u were only d:l.nau:lnating
h-chcir courseévare upon requel'é orr part of the 'nsr-sponaorcd field

test. Such activiries inclugled demonstrations, training Qouiom.

l’-




- ‘iticrund 1mplen\entation actalvi.tieé." In all cases, or:l.ginll
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consulti.ng pn proper uuge, cnd other efforts to encourage use by
.
faculty at the gart;l.cipating schools.

In addition, there .were
people who wqued at the schools and were responsible for keeping
‘the PI.ATO opefation functioning and making the mterials - \ -

accessible to atu’det}ti. (See Mahler, 1976 for & more thotmigh et T

discussion of implementation.) '
Since the interviews for this study were conducted,

continued contact with CERL ha,si led to the ob:etva§ion of - -

-
N ~

ievclopere were initially invilved in the mmtemnc. and

d:luenl:lution achvithsa More recently, new penonnd hﬂc beﬂh
% P
lddc&g'to assist w:l.th such cfforta andiJn a fev cuﬁ, have

assumed primary nqponaibility for {mpl mnut:i.on‘ vhen the
original dwelopctp' hqre moved on to new projects. 'Vhﬂ.o

1q»lmncation has funetioned quitc separately from thc prcvim
stages tn many ways, it has been usutﬁmn it was, phnud from
the begtnnins rather than added to, thc dmlopmnt of qourmm
dnimd fof use only by the developers.. ',; S R l

a

mn'ol‘ug progress. It becm mceluty 11: nim d!‘ tlm

I/ /’

tlrlrtacn productiou-orienud groups for a mchinilu o' bi

iy

uedvlhlud for k«ping coursevare moving through tlu vlrious

o - ’\ ¢ r\ 2y
:tu”. The majo ‘bottleneck was usually at: tbe prcduction tugo \3‘\’\;
.C 3 \;( \70‘ \\\ i '}

5op Y ““
1

bcclﬂuu therc wore : many loops which fed back to: furtlur rcﬂnmnt:

and becsuse some dq‘velopeﬂ became so enzrou‘nd in ﬁ,cnonl tha.t» P

4
e (AR
N . Vo G,
!
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they were nevér satisfied with their quality. Another bottleneck
was caused by having to schedule "outsiders" for reviewing or
student testing. Finglly, documentation, maintenance,‘and ‘
dissemination were not pgreiéularly appealing activities for many
co‘riaware 4eve10perc and ueré'soﬁetimes.postponed indefinitely’
in favor of developing 'new lessons. —

~ Two mechani sms énre used to insure the orderly advancement
of less;na thfo;gh the various stagei. The first npproach was to,

hnve lesson developers fill out a form as they comc.eted each ‘f

step. This reporting kept them continually aware,of the remaining

N

was to designate a particular person, either the grdup leader or
the group evaluator, to mcnitor the progress of each lesson axd
{ntervene when a problem arose. Such persons operated either

formslly with various forms and scheduled meetings or informally

S

through persuasién and personal contact. Each of.qhelc proce#uret
;ddcd significantly to the amount of administration needed by the
+ gTOUP. - |
Such p;ocejurea vere needed mostly by production-oriente&
groups with large and sometimes complex.organizatiqns. They were
usually used only when extarnally'impoéeézdeédlineq from the
' sponsoring crganization needed to be met. Another contributing
- factor was that very few developers had sJach previous experiencc

in cutriculum devel.gment or computer applications.

steps and the current status of each lesson. The second approach -




21

Because toey were learning how to use a new gedium and how to
develop courseware. it was difficult to estimate the time required ¢
for completion of each stage. sfoce the PLATO system was a&aing
. new hardware and softwave capabilities during’this same period,
'1 it would have been impusaible for people to be thoroughly familiar
# with this new medium. In fact. some of the coursewnreudevelopment
groups had to oe deeply involved in the hardware and software
developments which were needed for their courseware. These topics N
are discussed more thoroughly in a later section on the influences
of the PLATO system.

o

Compgrison to other education R &D efforts. The primary

e

euphasis.of the. PLAIO projec: has been to develop a flexible, ’ '
education—oriented herdware/eoftware system rather than to develop

- ‘\ )

. curricular materia@{ and a medium .to deliver them. The leaders

: - 'of this effort ﬁ;vei%een engineers and physicel scientists, as

Coe vell ar other edueators. Easley (1968) lusgested as an ideal,
. tﬁon—approach to courseware development similar to the

/ ¢
s

) genorol instructional development system previously discussed.
As oore c;pabilities vere added dissatiifaction uith a "syuten. ‘ . .
approach” grew (Awner. 1975). 1In an effort to maintain naxlmum ‘

.(glexibility and to explore all poseible uses of this relativemy
new medium, developers werenencoureged to use their creativity

individually. By the early days of PLATO IV in 1971-73, the idea

had developed that all ~ ‘




college-level instructors could write lessons for us§fin their
own courses, presumably eliminating the ne;d for Q;lidntion,
documentation, gf dissemination pf coursevare. This beiief is
'fatiil espoused in an official PLATO Publication (Wood, 1975).
| The gréat iaflux of funﬁing in the early 1970's;§iused two
// ‘1 . problems for this approach.. First, additional deadlines and
1ndependént evaluations were required by the funding agencies.
Therefore, wasted efforte caused by trying ‘out new—idens were
less toierable. Secondly, many me;e people were enticed into
'trying Eo deve}op coursewvare by fuil-time positions, refense
f;Bn teaching duties, the poéential for royalties or job |
advancement, the glamour of a nationally recognized project, and ‘
E : ti.s personal encouragement of the project stafff Without the
| previous self-qeleétion hurdle of strong personal dedication in
order to vithstlnd Phe uncertainties and problems of working -
* with a devglopigg system, many of these people proved to be
unproductive (Gjerde, 1973; House, 1974). For the past few
yenrs,ﬁ;here has been a shift back toward the more structured,
Lonq-ori?;ted,groups. Personnel and group structures wi}l be
discunged later in this paper; the poigt_heru is that the final
N stages of courseware dévelopﬁent are once again receiving great:r
enphasit._ It should be clear that there are advocates of both
structured and unstructufbdjapproaches t? PLATO coursewvare
development. The ultimate value of each approach cnﬁg&t yet be

*Judged,

29
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Since most of the literature on instructional developuent is
prescriptive, that is, telling what should be done, it is not
» N

surprising that most of the wodels proposed are quite formal,

elaborate, and rigid. The few papers which are desériptive of.

what has actuelly happened (Cashell, Lent, & Richardson, 1975) tend

toward more flexiblé‘approaches. When the details of some rather
structured models are examined (Reed, Ertel, & Collart, 1974) or
when the people who actually produce the instructional materials
are interviewed, it becomes apparent that many ad hoc decisions
must be made and revised in most cases, and an iterative approach

47
which includes modification of objectives and strategies is the

rule rather than the exception. While PLATO's history of courseware

ddvalopment has vatying emphases and many variations in procedures

still exist, the overall effect does not seem to be, very different

from other educationgl R & D efforts.

Types of lessons. ,

Several different classification. schemes for describing

computer-based. courseware have been proposed (Zinn, 1967; Grubb,
1972; Cody, 1973; Milner and Wildberger,.1976; Wang, 1976). They
contain betweoo five and thirteen categories, whico are usually
placed on a continuum ai "increasing student cootrol" (Milner and
Wildberger, 1974) or "a progressive shift in the locus of control®

from the designer to the student (Grubb, 1972),

<

&
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N

Wang's Index to Computer Based Learning (1576) contains

deocfiptiona of 336 PLATO lessons or groups of lessdns. Each

‘ entry is supposed to include the instructional strategy used, but

unfSrtunntei§ 225 of the PLATO lesson descriptions simply say
that they used a "mixed" insctructional strategy. The remainder
used the’éollcwing descriptors: drill and practice (s56),

tut;¥i;l (37), simulation (12), compnter-ﬁanaged instruction (11),
probley solving (7), inquiry (6), gaming (6), diaguosis and
prescription (1), roratic dialogue (1), testing (1), and

[ea-d

intrinsic (l).\ Unfortunately, many of these terms are used by

various groups in quite different fashions, and Wang does not provide

exﬁlicit definitions. The total number of descriptors comes to more

s

than 336 because several entries used more than one desériptor;

With the large number of entries using the non-descriptive

Mmixed" descriptor and no information about how the 336 emtries

were selected, no“conclusions about the instructional strategies
of the @009 hours of PLATO 1nstr;ction claimed by Lyman (1975)
and Wood (1975) can be reiched. =

There are piesently no complete data on the telaéionship
between lesson typei and work-hours, personnel neods; or any
other courseware development procedures. In'a prellnin;ry study,
Avner (pexrsonal communication) found that first-year developers
on the PLATO 11I system took more time to develop tutorial
lessons thdn drill lessog;, possibly becausé the former simply

use more code.

31
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for students at remote locations. The terms "adjunctive vs.
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Scope of the courseware. v

The best way to organize a courseware davelopnent group, as

" well as thc amount of work, is greatly influenced by the aqyth

and breadth of the courseware to be produced. Ih; scope ne;ds go

be negéured along at least three dimensions. The first and most
obvious is wﬁ;ther the materigls will be used in an entire course,
for a single unit within a course, throughout the entire .
curficulum of a department or school, or'to some other degree of
breadth..hfgcondly, there needs éo be a decision regarding: the

depth or aeé;e; é; vhich the computer-based materials are expected
to teach the content. They may be intended for use as supplementary
materials for those who want enrichment outéid; of class, as
remedizl work for those who cannot keep up with the regular class,
as drill or pracéice on concepts taught in other wgys, as the r
primary source of instruction for‘selected concepts or activitien

(such as simulated labs), or as the sole sovrce of instruction

L

Y

mainline” (Bunderson, 1973) have been used in reference to this

.9-
s -

dimensicn, but it is at least a continuum if not a multi-dimensional

L e

concept. The third dimension is highly QOnfounqg§56y the first two
and refers to the degree to which the 1nd1v1dunl‘pdr£s of the
courseéare are ;xpected to be related and coordinated. At one
extreme, if gupplenenfary treatment of -single concepts is planned,

coordination could be extensive but will probably be aunimal. If, 2

) . B N

o
&o

=
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however, primary instruction throughout an entire curriculum is

planned, the individufl lessons should be closely related to one

another but could exist as a "smorgasbord" of possibilities to be

selected‘by the individual instructor or student.

As the scope of the courseware increased, mot only did the

o

amount of coordination of tﬁe work increase, but thete was also

~

a greater need for planning and review.

Content areas.

N e
B

It is not clear at this time that any broad content areas are

" not suitable for computer-based instruction; rather, it.appears

that certain types of instruction within:each area are better

suited for this medium than are others. Since PLATO lessons have

“

" been developed in more than fifty content areas, ranging from the

kindergarten level to graduate courses, no area of education can

or should be excluded ct this'tiqg. Merrill (1975) has suggestad
some criteria for deciding if a particular 1ﬂstructional sequence
should be programmed on PLATO, bﬁf there is certainly room for

appropriate’ topics in all major content aréqp'and age levels and

for expansion of these criteria as new features are created. One

conclusion that can be stated is that courseware production is
R N . . i
easiest ‘vhen the objectives can be clearly stated, and this

process may be easier in some areas than ic is in others.- However,

. ease of development must be weighed against potential benefits and

the need to explore new areas. .
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) characterized by explor’tion of PLATO's potentialc. Some phnmd \\

for this type of activﬁ.ty vhile others were forced into it beausc of’ N

false starts and ch jes in goals. While most interest was on \‘\ .
the nniﬁue featuj

f the system, there was also interest in the - \

appropria e stmctiom\l strategies. This first emphasis lasted

. a month to more than a year. The sccond emphasis was on -
. q‘valoping instructioml lessons, either to fit into a 3rand

/nchm or as independent modules determined by the- interest: ot

the various individuals. These lessons reflected the possibilities
exploi;ed earlicr and used material dwé‘i’b%ed during that time, but E
the emphasis-shifted to prodgcing, reviewing, and revising lessons -4
::::::11 thcy were useable. The third enphisis vss an attempt to fit
all ot_ t.hc lessons together into the on-going curricula of one or

-orchr.gllar churoo:u and to validate ‘their use. This effort . 4 T ’ s

: oftcn ucnsinted mdifications, the development of a routing

\l
system, and continual liaison with the classroom instructors,

pir:icdlarly 1f such activities were not previously included.
The fourth and final enphuis is characterized by the maintenance
of tlu courseware and attempts to npread its use to other

classtooms. At the tim the intervizws for thin study were

1
- P -
4 F o £,
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conducted, no éroﬁps‘ had reached this steady state. Since that
\

time, almost all groups have moved into this implementation suée,

and wost have ‘found thi\: the d evelopers htvt‘lcﬂ: aad ‘that this
work must be carried out by staff ud:ers hired spcciﬁeany for

RS

\ oG

this work. , o : , . ‘ ~ : —
- N ' ) N . LE "‘vi

] Modeiy of group structure. : , - R

Bach of the 16 groups had its own unique organization and

hi \ofy. To describe each of these would be tedious and

‘ 7 \ . eonft;iﬁu. ) 'ﬂierefore, this discussion begins with four abstract
\ _ \ models of group structure, vhich were based on an mlysu of the ~
| \16 groups, and then compares the groups vith these models.

" The indepondent develgger» ‘SomcLimes ome person took

E& ulponsibtlity for the development of th;tmuml lessons. Such

a person ‘often ;ougl’tt advice imt made. the final decisj.om and did

most of the work., 'tiuy often shared idess and cri.litq;ap vith

. 7

\ g BN -

\\’\ other developers, but there was no direct coordination, organized ;

SN \\ _ group effort, or formal relationship in most cases. Indcpudont B .
) v {{: ',.. e

\ \‘\ d(valop.u nndod cxpcrttu in a content aru, hutructioul ‘o o iy

. £l

N -

dut;n. md mon ‘programxing and have besn c.nlhd PLATO "mthorc.

was hoped at one time that many college faculty uﬂ:gp would _
bec independent developers (Bouu: 1974; wood, 1975),..

gh' ¢ c-* Lsagueship. ~Sometimes several people of essentially ~

<

status worked tggctlui' with a commitment :o«coopcntioxi ;f

decision-making. In most cases, specialization occurred

]

. ‘ - T
y N . Tty .
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or was planned. In one group, ot';e person took responsibility for
administrative duties, another became an authority on intricate
displays, and another specialized in observ:ln; student b.ehav:lor
and evnlunti’ng. ;Mever, all members retained rupons:lb:ll:l.éy
and interest in the total effort , and no clearly defined hierarchy
emerged. ‘ . ‘ ) ~

The lesson designer with programming assistants. Subject
;;t;ter expérts,o either faculty members or full~time developers,
sometimes specified the concént‘ objectives and 1n¢t:_tuctioﬁa1 .

strategy and then let a prograﬁngxg assistant design the actual

lesson. These programming assistants, who were often students,

w wt\th varying degrees of autonomy depe;:ding upon their -
own éontent and p;graming expertise and the‘du:lrcd involvement
of thc lesson designer. Contact bc;tween the two ranécd from
dnteractions on a daily basis to only formal reviews of conplot;e&
work at intervals of a month or more. Some lesson dc;ign;;o A
would begin the actul programming and then let an assistant

finish it, vhile others, who wvere not knowledgublc about the

PLATO system or computer-based education in general, had to rely
much more heavily on their. programming assistants.

, The mggrt/ ctaf!. Several groups addcd specul:lsts in
TUTOR programming, :ln-truct:lonal design and evallution, or

sudio-visusl production. The TUTOR experts consulted with lesson

) designers and programming auistini:a, worked on p;rtimlarly'"
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complex routines, especially s\ippott routines guch as "routers"

and "drivers," and trained new group members to use the TUTOR

»,

language. The instructional design and evaluatian specialists

consulted with lesson designers and were often repponsibl_.e “for

Teviews and.validation. -The audio-vi‘ual production specialists

" were used vhen there was a m‘jér comnitment to the use of

™4

sicrofiche or.audio mes sages,

Comparison of models and g'roug . The correspondenca between

the models just pteuénted and the groups which were interviewed
for this study is shown in Table 3. 'The groups are. listed
acecording to g:hé dates when they first began work on PLATO. . The
various phases were used to indicate different t::lnlc}l at which
groups changed t'heir modes of operation. The length of each
phase varied ' with each group. | "

Ins&t Table 3 about here s,\

- D O D D D WG S s e

Some of the "groups" were not actually orgsvized structures,

-particularly in their first phases. All of the non-military
[

groups started as several separate efforts, each often exh;bﬂ:i@

F

- the chasacteristics of dif't‘erept: models. Sometimes these efforts

were located in different departments or even different institutions |

. uul had very 1imited contact with each others- Formal gioup
ke phyt=

structures and coordination activities came only vhen outside .

1 '
(. . .




dl‘.‘j‘

_cbllnguuhip. All of the non-military gi‘_oupa without support

a.

u

. . ! , i
funding permitied release from teaching duties or full-time staff

.members., The &litary sites all beg;n with such funding.

Three of éhe groups were studied because they provided
support for otﬁer' courseware development efforts. Although the
pc::ple in each:of these gi‘oups did develop instructional le;iom,
often as train:l.ng materials or on-line aids for other developesrvs,
their primary n\isaions were not to develop leuoup for student

use. When they did produce leasona, either indi.vi.dul nenbers

. worhd clouly wi.th another group or the group functioned as &

colleaguesh:lp to produce support routines and ttaining naterials.

Beclnu of thi.s unique statuo, they are listed in 'rable 308

pure forms of the support staff and are not included in wost of

,thc following discussions, which focus on the thirteen

"prodnction-oriented" groups chlrged with developing lessons for
lcudent use, . :

"Al‘l but one of the 'producti.ori-oriehted groups exhibited the

- chardcteristics of two or more models. The lone cﬁception made

T

such Buv'yﬁuu of the Military Training Centers gronp “for support .

that {t cannot completely be considered as a pure example of a

3

" staffs, and many with their own support staffs, made use of‘tho

~ PLATO Scrvicu Organization “and ‘the PLATO Educational Evaluation

.nd llnearch group. ' . .

'
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The four edrly groups with only one phase were all based upon

the remaining groups, which were all funded by MSF or ARPA,

T

N ' . 32
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>
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It should be noted tﬁat four of the first five groups and
Y .

four of the last five groups have.only one phase, .while the

- .

groups in the widdle of the table have more complex patterns,

v .

There appear to be several reasons for these characteristics,

&’

lublui;i:hl 1ﬁvolvgnmt by Univpr.aity of Illinois faculty members

vho demonstrated great interest and commitment early in-the

higtory of ﬁATO. They seemed to have known what they wanted to

accomplish and how they wanted to work more clearly than
developers hired for sl;ecial projects. .Also because of thfs base

and the early starts, these gfoups were under less scrutiny than

Therefore, some of their early phases or more subtle changes may
have beQn missed. On the other hand, the latest one-phase groups , ";:‘-,-,‘,‘

were all either support groups or military groups and bave

relatively short histories. Not only mi¥y they-iiVe b’iﬁo_flted ) *22 &
from the .?:peri;cncu of earlier groups, but their ﬁon-acadnié i
bases had special consequences, m., wa cannot be sure whether: 5
the lack of any’ indc'pa?dent devel;pers in the last seven groups ' | *{}:
is the result of disenchantment vith that mode of operation or S “ ’

is because military sites mitigate against such individualim.

{

|

i
t
!
i

Finally, most of the groups with convoluted histories are
part of the Nationsl Science Foundation project and thus were
greatly influenced by a second infusion of funds and accompanying \

“
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‘ Finding and keeping qualified people was also a problem. Since

madu available for general use. Without any coordination, there

independently leveloped lessons not to be used by other

34

.

were examples of several 1ndependent devel.opers who worked on  *

X

lessons covering the same topics, and there was some tendency for .
1 Y
instructors, Jn the positive side, independent developers
required little administrat‘ive overhead, and the more successful
ones often worked for intrinsic rewards or professional )'
recognition, rather than for full-time salaries. Also, some of
these independent developers Pr&dnced very creative and'appar(ently\:
effective lessons, -

The colleagueships, vhile not usually requiring a great deal

of formal administration or direction, did need a substantial -

amount of effort aimedaat fostering cooperation and group spirit,

they were all of equal status, there wvas little chance of reducing N
costs by paying lower salaries for routine work, Because of the

specialization that occurred in all colleagueships, there was

less dcm,nd on each group member to provide oxpcrtiu-ui all - . .
facets of courseware development, Leuons us:!.nz sophisticated

progrm.n; were possible without causing an undue bui,den on gny

individual to learn an unreasonable numbar o/{ new skil g, The

sharing of plane and mutual reviews of lessons el:lmi.nat:ed wmost

of the f;actual errors, inferior 1nstrucéional strategies, and | .
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poor programmirg. .he popularity of this group srtmci:um is-
evident in its beinglpart of eleven of the thirteen
production-oriented groups.

Lesson dasigners were mostly faculty members or full-time
content exper’s with many responsibilities., Adding programming
assistants seemed to 'mke better use of these higher-paid, busy
content experts. Several faculty members, who would not otherwise
have done so, became involved with PLATO :. use ‘tey did not have
to do thuir own programming. The success o. these arrangunént:o‘
depended upon the programning abﬁities of the assistants, the
amount of 1.wolvement; of the lessc;n designe::s, and their ability
to Cmununicni:e s7ith each other., Success was v.ry limited when

the programming assistant was vanfamiliar with the contert area

" ond the lesson designey was unfamiliar with the PL/TO system and

computer-based education, in geﬁeral. Not only was commtinication
difffcult in these circumstances, bu* creative intersction
between the content specifications and the in-tructional design
spacifications was almost impnssible,

Suppor_ stnffl wvere either incorporated successfully with -
other group structures or were used extensively by other groups,
TUTOR experts were the most common type Mof support ..taff members,
Evaluation specialists, who usually had advanced degrees, were
often primariiy responsible for reviews and validatian efforts.

Some of the.audio-visual production specialists had advanced -

e ———————
' .
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degrees and wére responsible not only for the production o
/ - . -

s

ﬁlides or audio discs but also for their design. Instructional

design consultants were the least used type of support/i_aff. It
is unknown whether Fhe additional expense of an iﬁggzﬁﬁfuiuppnrg
at:éf can be justified by greater productiviti’by the primary
duvelopera(g:;gzeater quality in the courseware. Support staffs
tended to be added as‘groups became larger and more complex, and
it seems likely that sophisticated pregrams, vilidstion, and

pecipheral devices would not have been used without the help of

these specialists.

Iﬁfluences of the PLATO System

A number of facgors which influenced the orﬁanization and
management of these groups were determined by the use of the
PLATO system aad were not under direct c&ntrol of the individual
groups. These factors often had differential effects on groué.

but operated mostly as a general context in which group decisions

could be made.

Develégment of the PLATO System. The CERL policy of
continuing development of the system and its langu;ge (Avner,
1975; Steinberg, 1975; Stifle, 1975; Tenczar, 1975) was
advantageous in some ways but disadvantageous in others. It led

to a system which is very flexible and well suited to the needs

of a broad spectrum of educational applications. Author input

‘had a significant impact upon the develppment of the TUTOR




language, as authors could request and usually receive new

language featuers to facilitate their work. Of the experienced
TUTOR programmers who were interviewed, none indicated ever being
limited by the lgnguage. This continuing development has led to
efforts in many areas and with many instructional techniques

that could not have been imagined without ample experience with

the medium. However, this expansion and ;efinenant also created
demands on programmers hc;ause it was coupled with instabiliéy.

If someone did not. use the system for a few months or weeks, - any
new or revised features often had to be learned before pfoductiv?
éffprts could resuma{j Some p=ople hqvé spent considerable time

in efforté only to find that a new system feﬁture made the

problem trivial. There have. also been sow2 peopl; who found

PLATO programming to be so confusing, demanding, and unstable that
they decided that it was not worrh the efforts réquired of then.

As more PLATO systems are put into op.ration, centinued development
of the authoring language and system software will probably be
restricted to one experimental system with the operatipnally oriented
systems receiving updates at less frequent intervals.

Hardware and software limitations. Alfrhough the power of

the PLATO hardware ani software have created many opportunitics
for innovative educational use, several problems arose in the .

early period of courseware development which adversely affected

44




that process. These ptobiems were largely created by an
unanticipated competition for PLATO system resources. Initially,
many groups,tespecially those remote from CERL, had difficulty
, Pbtaining terminals, often due to late delivery. As teiminals
bacame more widely available, authors found development hampeced
because of shortaaes of "lesson spaces''--allotments of disk
storage. These shortages have generally been alleviated by
acquisition of hardware. Eventhally, critical difficulties u?re
éxperienced with the allocation of Extended Core Storage (ECS).
As more authors gained access to PLATO and as student usage
incrqased’sharply,_it became clear th#t thereyuus 1nsu£fiéient
ECS to suport the resulting-number of users. Although additional

ECS was obtained, it became obviqps that this resource had to be
carefully managed. ‘ ‘

Further restrictions were piaced on authors because of

" a program which translates the

competition for the "condensor,
author's program into a format used by the PLATO computer. . There

was not enough computing power to allow authors to condense at

will (sometimes several times a minute while debugging), s» sharp

curtailment of "condensing" Jas enforced.

In all cases, stude:ts vere given higher priority in access -
to these features tﬁan authors, so that much on~lineyork during
the day'ight hours, when students were using the system, became
difficuit and sometimes impossible. Developers were f;eguently

forced to adapt to a nighttime work schedule.

¥
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Development of some aspects of_the system lagged behind-

otﬁera: In particu{gr. peripheral devices such as fﬁ;’:;;ch
panel, slide selector and audio device had not reached a stage of
. development comparable with oth;r hardware onvthe system. The
touch panels, though reliable, were produced slowly at first and
vere consequently not readily available. On the other hand,
-glide :electorg were widely available, but microfiche for the
slide selectors were difficult to produce. The production
process was rather 10.3 (two weeks at minimum), and the quality
was not'gonsistenq: The ﬁrptotype audio device was both ,
unreliablétand in short supply. Audio recor&ings were éifficult
to produce, and the end resulﬁ was frequently undesirable. In
,operation, the device was often balky.
ﬁAs a consequence of,th;se problems, those groups which
counted heavily on the operation of these devices in their
Coursewvare development were required to devote time ah& resources

to maintenance and repair of equipment.and fgedb.ck to design ‘engineers.

In some cases, it was necessary to redesign and reprogram lessons to minimize

- dependence on the peripheral ¢wices. Subsequent improvements to -
the hardware and production processes have reduced the early
problems with touch, slide, and audio so that future developers

should not encounter the same difficulties.
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Proximity to CERL. Having a group based at CERL had several
advantages and a few disadvantages! First of sll, users in q
cbelpaign-l!rbenf ‘épeded to be fer less conc;rned vith routine
hardwvare minten;nee and 'relia‘bility. Many experienced,

techniciene were close at hmd » and thére vere fewer problm

. caused by telephone tr 1sn1uions and del.ivery of equipment,

eep‘efcially during the early days of the project. Secondly,
experienced FI.A'IO progremere and lesson designers were re}dily
eyeileble for. face~to-face coneultation, while reuote users had
i:o depend.- mre heavi.ly on on-line consultants loated at cm
Thirdly, this poql of experienced people located at CERL could
often be drawn upon for staffing a new project.

Sources of advice. Most of the advice which was sought
concerned how to program a pertfcular ;equence\‘. - Although some
people first tried to get the {nformation they needed from the
on -Hne documentation called AIDS, most went to & fellow programmer

or the TUTOR expert in their group. As the AINS materials have

been improved, they have been used more--even as the initial

source of information. When & local resource person was not availsble or

cguld not i{up, they contacted 8 member of the PLATO Services

Organization or some other TUTOR authority at CERL either

~ personally or through the on-line consulting capability, which

allows both the corsultant and the client to look at the
appropriate part of the lesson while typing messages to each

other across the bottom ot the screen.
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Since most developers had already decided on the content and
instructional strategy of the lesson when they besan production, they
ususlly did not seek advice in these areas. Advice on these aspects

sometimes came during training or the planning itage of courseware

£

" development but was only actively sought during the review stage.

Use of support routines. The parts of the courseware which do

_ mot contain the content-oriented instructionsl materials but which

serve in the development or presentation of such materials are :
referfod to as support routines. These routines may be integrated
into thc"i‘notmctioml. lessons or may exist separately, using or

being used by the instructional lessons as needed. At le;lt three

_types of support routines are in use. "Drivers" are routines which

set up the basic format of a type of instruction and fnto which
different content can be placed. For example, some ";Iri.vex"s"

provide the basic structure for multiple-choice questions,

includi..ng p};ceunt on the_ screen, random ordering of alt:;amtlv_o
responses, corrective feedback, and storage of ruponn'l. It 1=
then poo;iblo foxl someone with little programming experience to put
in quutio;l with appropriate rélponu alternatives and dui‘qngtion
of tho. correct answers. A large variety of these "dt:lv.:n'"'_ have been

written and made available for ge’net%l use by thei. developers. A >

second type of support routine is for the cqllécéion and manipulation

of student data. - Some data can be collected automatically by

system-provided routines. This type of data is intentionally rather

general, with more focused data collection being left ‘to‘ the individual



the skills
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? \\ '
developer according - his own specific needs. In additiom to

»

ghe’collection data, it was also necessary to provide prograni
for data'suunary and an‘lysis_(ratiuoka and Siegel, 1972); The’

third type of support routine is the "router" vhich ‘routes or

. transfers students to the inscructional material which thny should
"see next. A syste-provided router has been developed, bu: some

. groups used elaborate routori of their own. design. A hczvy

cowni:nunt co the u

f support routines had oevarai 1np11cations

oduction. First of all, -they usually required

an experienced fulltime programmer to develop.

fér;courseware

Secondly, such routines required a substantial commitment of

For exan;I;, one group claimed to have devoted approximately 1,000
hours to the development of a "driver" which now<allowszthen>to
add an hour of instructional fime in one hour of work. If only
one hour of such instruction is used, it would have required 1,001
work hours, but if 1,000 hours of such instruction are used, each
will have required only ‘two work hours. Since it is doubtful that
1,000 hours of,one format would be uséﬂ, the actual figure should

fall ‘somevhere in between the extrcmes.

As can be seen in the above example, some groups have

written elaborate support routines which were intended for

general or repeated use, while other groups have used "quick)and

dirty" methods with no aseneralizability. Several of these efforts

Lo



vere later made obiolete by new system features, such as the ) N

system-provided router. In the future, support routines should .

———— —
e v

require less time and -eff;;t Lecmse of the availability of
exiiti,ns routines, but some unique situations, ;equiring new
routines ov adaptations of existing routines, are likely. Also,
the application of exio’ti.ngv routines to ‘t;hc‘ particular courseware

. could demand the attentién of a programming specialist. ‘ T e

Characteristics of groups.

In addition to the models of group structure, groups differed
s in their methods of selecting members of the group and the - -
training receiverd by the new members. In many cases, these
characteristics came about as the result of gradual development
rather than on the basis of overt deciaioﬁs. : -
Selection methods. When a project relied upon subject
matter specialists of professional status, especially faculty ‘
members, to volunteer for involvement in courseware production,
the only selection possible was self-selection. If there were no
restrictions on the length of time, the computer availability, or
number of th-e support pers;nnel, spch'Q procedure allowed the most
potivated and capable developers to emerge. Mr, there was a
' tremendous risk of wasted effort. Some incapable persons
?mtinued to ;rork because of tﬁ;/glamour of the medium, a greater

chance for advancement, or a variety of personal reasons. Some

capable persons discontinued their efforts because of difficulties

@
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stemming from competitlons for limited resources, desires to use
t.heir time in the most profitable ways, or personal -reasons. The
self-selection approach must account for these fai.lufu, as well
as the successful developers, when determining costs and
‘efﬂcien:,vs.g ‘ . E

When the leaders of a courseware development group were
faced with deadlil;ea or limited resources, as was usually the
éue, tl;;y vhad to make choices among available persomnel. Whan
the lesson designers were hired on‘a full-tine basis, released
from teachi:{g or other duties, paid as consultants, 6r even just
given access to resources',‘ some type of over..;t selection also took
place. Since none of these jobs were very routine or well q.cﬁmd,
the first criterion was interest or motivation. Relevant
backg-round/s are discussed in a later section,'but beyond these
”‘\spec’ifié skills and experiences, personal characteristics such
;u\ flexibility, prolonged dedication tc a task, and interest in
innovation were considex%ed.

At the time of this study it was necessary to observe each
person working on the PLA'i'O system in order to determine the
cventua‘l level of productivity. Consequently, many groups had
to readjust personnel commitments when people wbo were hired did
not prove to be productive. One of the people most heavily
involved in the training of new ldesson designers and programmers

claimed to be able to predict future programming ability with 90Z
| . ) /
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-aécuracy after the first day of 7i:ra1n1ng but not on the basis of
p'r:c‘v:lous, documented background. If such predictions are possible, o
it should also be ppa;i.ble to devise a task-specific test which .

could aid in these judgments before training begins (Popham,

%a_l., 1974). ‘

IUTOR training methods. The one area of competency for

" which specific traininé programs were developed was knowledge of

the TUTOR language. Such training also includud PLATO lesson

design, vhich is a part of instructional desigﬁ. During the
early days of PLATO 1V and thr'oﬁghout the 1ifec of PLATO 1II, such
training was veéry 1nf.6m1. Evidently, most pCOplevwho expressed
interest vere given a demonstration of some exiotingv lusqns; ‘
shown how to‘”sign on," g‘iven a lesson space with which to work,
and told to ask questions whenever they needed help. Such people .
went through whichever existing lessons they heard about (g.a a .
student and, perhaps, looking at the TUTOR code), reviewed the
scant documentation that existed online, and asked whoever v;a
sitting at the next terminal if a problem arose. 'Ihey soon L.

lurnod who were the most knowledgcablo pnople, includmg the .

- systems programming staff, wheu they got to more cénplcx

questions. This informality was ndt only feniblo because of the
.lose proximity of all PLATO users, but it was also necessary

because the language was undergoing almost daily rcvlilion, often

50
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workshops, the people learned the basics of the TUTOR language

* .
y , ~ ~—
- - '

-

in response to 'thc questions of the users. Several factors such

as ttge increasing stability of the TUTOR language, more people at

" remote locationsg, and the organization of formal cours"eware

development teams led to the feasibility and need for more formal
training methods, ‘

Three major types of traiging 'e_volyed. P:lrot,v acéﬁdibod " 2.
courses which included training in the basics of TUTOR, as well as
general discussions of computer applications in education and —

instructional development methods or an analysis of PLATO as &

' computer system, wera offered by several dep;rtnents of the

'Jn:l.versit‘;y of 17 "inois, including extension ccurses in‘Chicago.

The courses used a workbook (Ghesquiere, Davis, and Thompson,

1974) and its accompanying PLATO lessons. I “
A second effort was aimed mostly at people who accepted ) '

full-time jobs to develop PLATO materials, upcchny in the

n:l.l:l.nry. Most of these people participated in one- or Wk

intensive workshops at the University of Illinois. During the

,\\;ﬁ

-

and, if necessary, the rudiments of lesson design and validatiom. ,

> The workshops used some lessons and a manual by llohn1 (1973).

These basic introductions to TUTOR were estimated to take 20 - 80
hours of work, depending upon the person's backztouhd Peoplc

with computer programming, instructional dwclopmt, and -

mathematical backgtoundo tended to take less time although luch

backgrounds were not necessary for eventual success.
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Pinai].y‘, advonced ‘trainifig m the mon language. folmymg
either of o;e‘two‘brevﬁpu; olternaélves, was much more infornal ‘ - *
" and was closoly r&l&;&d to\the person s ac:ual work. Ehon ¢
problems orooe; aaoigiooceAwaa sbught~£tom vnrious publioationo, i_ 9_‘
such as Sherwood (!776) and E. Avner (1975, 1975b), “from tho on’ ino '
documentation available 1n lesson AIDS and eloewhore, and from ‘
varioua consultanto. CERL set up’ the PLATO Servic;s Organizotion
to provide cougultotion oithor through peroohal cdntact or th:oughg
the various comuunicatidn featuers of the PLhTO zystem. In addition,f e
many groups found it convenient and, perhopq, necossaty’to Lire or }
’ devoiop;o lo?il TUTOR exyeré who could provide consultation and CT
odvoncod training. The comprehensiveness of a person’'s knowledge
igf ) ' of TUTOR varied grootly and depended upon both the peraon'o
| J background and -the typeo of lessons beiug written. It took
anyvhere from a fow weeks to a year before the lessons being
written worofof sufficient quality to wsrrant keeping and using ’
S thes. When this training was for an individual vho vas joining
| an existing gsoﬁp, the learning often took place wvhile the
newcomer was’ working productively under the direction of a
competent group mamber. Tﬁo lmoong of direction usuoily

decreased as the degree of the newcomer's competency increased.

When a nev group was being formed, there was more pressure to

#
+

advance beyond the learning stage but also less chance for 1
|




~ appropriate backgrounds to fill in the rest of the team. ‘ ‘

‘I s

3},
competent supervisiorn of 1nd1v1duals. Several groups, therefore,
hired a few highly skilled TUTOR programmer: tc set up a furmal

traiuing program. : ’ ,ﬁ%;?'

Characteristics of individuals,

“<uin most gro 3, éhere vere differences in the backgrounds
sought for varicus posit.ons, in the interests o® paople as “hey
became more involved, in the amount of work expected, and in the .
r;umrds given for PLATO wggk. All of these factors can be
considered as characteristics of 1. !ividuals,

Relevantvbackgrounds. The models of group structure
deacribed earlief‘céll for persons with differert backgrounds or,
rconversely} were differentially sppropriate when different
bﬁckgrounds were found in the development team. In some case;,
the model came firot; in other cases, the people came first; in
@08t cases, one or twp people began the effort, decided upon a

particular working relationship, and then hired people vigh -

\ t o
\Regardleas of the particular model or combination of models, the

fo.lowing areas of expertise (or, at least, responsibility) hac

to be 1nc1ude§§ eubiecq matter content, instructional development
inciuding knowledge of apbrop;iate uses of computer-based systems, .
a:xd TUTOR progre.ming. In additicn, expertise in the production

of audio/visual materials was necessary when audio messages ox

slides wers used. When the materials were intended f~r goneral




_ other conte.t areas. Almost all of the advanced degree holders
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use, someone had to be responsible for monitoring student
performance, sollcitingweiiert or peer reviews, and
validation. ‘ -

Because the:telationsh!p between groups and models of
group structure is =2 complex, it is not possible‘to give the
relevant backgrounds of people according to the models. -,
Therefore, Table 4 lists the relevant backgrounds according to
the criteria used in orgir-lly selecting the groups. The first .
four categories of experience indicate levéls_of formal
educatiqn, and the last three categofiés indicat% actual working
exﬁérience prior to initial involvement witt “he PLATO project.
All.interviewees were asked about their b#ckgrounda {see
appendix), but not ail people in all grouis wvere intecviaswed.
Therefore, while these data are gcnerally indicative of rele unt
backgrounds, specific numbers, perticularly the smaller ones,
may be slightly inaccurate.

As indicated ir Table 4, projects at colleges and
universities were staffed mostly by people ud;h advunced’degreea

in computer-related fields, educational fields, and a variety of

working fc . militaty projects were at one base, where materials
for a para-medical program were being developed. With regérd to
working experience, approximately 61% of the people Had prior

teaching experience, The slightly lower 50% for the university

/
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groups was due to the involvement of studants working under the
directicn of faculty members. The extremely small number of -
peo+le with prior experience in deveIOping other instructional
materials is quite remarkable. It is 1mpossible to say whether
th;; phenomenon was advantageous or disadvantagecus to PLATO
co&rseware development efforts. It can “lso not be determined
. whether the unique characteristics of F ) courseware development
procedu?Z:N;;r; the cause or the effect of the lack of curriculum
development expetience. Finally, the fact that 68% of the developers
had little or no previous computer experience seems to be in
keeping with the 1dea of developing a computer-based educational
systen that can be used by many people. However, it is also
chear that, even though the system developers are not included

in these fiéures, a significant nmber of developers did (and

rerhaps had to) have substantial computer-related backgrounds.

- Insert Table 4 aSout here

olcacsnsescascsacnsscsccccccaaswasanas
. 2
’

Levels of individual interest. In-addition to learning the

TUTOR lang?ageiggd;gpy other necessary competenc-e;, there
“.appeared to S; several levels of interest through whirh PLATO
courseware developers proceeded. In the first level, the person
lgarned the basics of TUTOR and the PLATO system. In the second
level, the interest centered on exploring the TUTOR language and

i

o'
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the capabilities of PLATO. There seemed to be a fascination with
the hardvware aud software, and some people, particularly those
without experience as instructors, spun-off to become TUTOR
exper'ts or computer system programmers and developers. Others
wvithout instructional experience remained s this level and worked
as TUTOR programmers or coders under close supervision. The
third level was characterized by an interest in the design of
individual PLATO lessons in order to make them instructionally’
sound rather than simply interesting things to program. If the
person was actively teaching at the time, there ms’often an
attempt to try various ideas in the classroom. People at this
level can be called lesson designers. Some people went back and
forth between the second and third level; as new ins&uctional
ideas necessitated better programinglskills and l;ett:er
programming skills generated new instructional ideas. A similar
pattern was found by Avrier (personal communicatiom) in an
unpublished study of 27 first-year PLATO developers. Those
people who went into ‘the fourth level began to look beyond
1n41v1dua1 lessons and think about sequencing, routing, tho-
relationship of lessons to a curriculum, the use of lessons in
various classroom contexts, and the principles of learning which .
underlie the materials. Finally, the few people who entered the
fifth level b.ecm interested in the design of instructional

systems., They developed opinions and ideas not only about the

08
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deaigl} of the instructional materials but also about the process
"of ’developingl such materials and the organization of ,abpropriate

4 \ development teams. Some people with prior experience in ‘
ecurriculum deveiopment jumped from the first level, to the fourth
or fifth level, and a few of these later went back to learn the ‘
specific skills of ‘the second and, possibly, third levels.

Full-time vs. part-time work. The circumstances under whidn

a group was formed luigely determined whether'the members worke
full-time or part-time. When a new.group wa;n’ brought tokether .
for the specific purpose of developing courseware for a particuldr
project s the members usually worked full-time. Stucients who
worked as programming assistants or support specialists worked -
part-time. The real question arose with regard to the role of
faculty members. Some groups found that professionais wvere more
productive vwhen they were not distracted by other responsibilities.
On the other hand, continued contact with students of the target
population sometimes: stimulated ideas, temp-ered them with reality,
and provided a useful forum for trying out new approaches., The
roie of the professlional was important. If the p-erson was to be . Lo

only an initiator and/or reviewer, part-time work was much wore

e

- T
T

fearrble and probably preferable than if- ;tu;i:produ-ction was

also part of the responsibilities.

|
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When a project had the complete freedom to determine its

‘ peresojpnel composi.t'ion, the goals of the project determiied the

desiralility of full-time or part-time workers. ‘When the major
or sole ‘goal was the production of appropriate courseware,
full~time concentration by professionals, prégramers, and

specialists was needed. When the education of students in the

"&""'—‘)"‘

use of computers for instruction was a goal, part-time programmers
and apnciausts could be learning while doing. When commitment
to use of the system by faculty members was a goal, wider
involvement by part-time professionals was used. A final
consideration was that when a project was just beginning, it was
easier to teruinate an unproductive p;rt-timr than an unproductiv/é
full-time employee. ’
Rewards for PLATO work. The reward structure of the .
sponsoring institution determined the extrinsic rewards for PLATO
work. In the n‘llieary and projects with external funding at
academic iﬁstitntiom, there were usually full-time jobs for the
duration of the “c{evelopmnt effort. Academic instituticns also
released faculty members frcm other duties in order.to develop
courseware or set upx a formal poiicy to equate such efforts with
teaching, research, and pllbli.‘t:ations in the determination of
prowotion and tenure. Unfortunately, when the regular procedures,

usually involving a committee review, have been left intact,

coursevare development has often not been equated with research
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or other scholarly work. There are also plans to.pay royalties
to the'd'evelop’ers of lessons, based on the amount of ~use. of ”
couru: if the deve]éopers w;re paid for their work, the ro&alt:ies
may go to thc sponscring instituticn.

mny o? the people developing PLATO courseware were motivated,
in addition to Qe extrinsic revards described above, by rewards
which were 1ntr!.n\s\g: to the work and 1rxtangib1e. Some people
simply enjoyed the challenge of programing-a-computer to carry
out a specific task; some liked the environment and spirit ;:f a

. N\ ‘
developmental effort;.some delieved that their efforts will have

-

{ N -~

a significant, positive effectf n their students or education in-

general, There were even high schuol and updergraduate students .
vho worked as programing assistants in order to get lesson
spaces in which they could design their M materials. These
intrinsic rewards seemed to drive many PLAT\Q dweloperr to work
much more than the normal work week. Such unpg\id overtime work
makes it di:fficrlt to assess the costs of develo;w\eﬁt. It should
r}ot be assumed that the intrinsic rewards were sufficient
lrotivation for most people. With the possible exception of ‘ 4
uninformed lesson designers providing minimal supervision for
highly competent programming ass;.stanto, the tiu;e investment for-
this work was too great to expect anyone to do a satisfactory job

without released tiuie or regular pay. :
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As indicated in the appendix to this ;;aper, the interviews
did include attempts to get estimates ‘of the number of work_-hours‘
spent and the amount of material developed. Most 1nter‘vieweu,
howovgr, were unable to gi_ve anything but gross estimates. The
est.inptes that were reéeived ranged from ten to a thousand ‘
wofk-hourq for single lessons. Some groups had previously
determined an estimated range by some unexplained means, and all
gt;oup members quoted the same range, Since these fignréo vere

undoamented, there 1is no way of knowing what activit:ies and" /a/

factors were included. TN !

_ Grimes (1925) has recently rey&rteﬂ on .the "cost of initial
development of PLATO. instruction in veterinary;evdicim.” lusv -
estimated average cost of $828.00 per instructional honr, or. |
51.93 per si;udcnt-con_tact hour. does not include qprnditmru for
"c@ter usage and salaries of most instructors for and with
vhom lessons wers de'velo;;ed e « « except those of released-time
personnel or those of instructors paid by the PLATO Project.”

He did include the éost of equipment, including mm-'tendmlo.
The scope of the couruware is indicated as "more than 50 lassons" -
with "a pproximtely 317 1nstructiona1 hours" using simulations,
games, problem-solving grogrm, and 1nteract1ve tutorials vhich
a2 1nterop'erud th:'-oughout the four-year veterinary medicine

curriculum.” The entire project, including the start-up period

and an unspecified validation effort, had lasted four years at
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the time the f;port was written. Grimes concludes with the
statement that the PLATO effort at the "University of I1linois
College of Veierinary Mcdicine has been developmental. The
~ expense of continninglthe project at this college or initializing |
a similar project at another college should be much less as a
result of this experience."

- Dare, 55_31; (1975) of the Aberdeen group ;epotted on_thg

;\1 costs of development of PLATO courseware for a ulchinists; course
- and for a course on the construction and interpretation of tests.

This icéouqting includes chﬁggés for the on<line and off-line
T time aéent by members of the project staéf (including
adninistratorsﬁ for the period from July 1973 to March 1974
during which approximately 30 instructional hours of courseware
were developed. noweQeg. it does not include charges éor the
nssistancs‘providca by the Military Trainiﬁg Centers group at
CERL, Costs for'terninala, Jmnuniéationg, fgd computer usage
are presentediseparately. The averaé; development time per
instructional hour was reported as 283.6 hours. Ihis development
tino,vns‘ios;ed at $8.00 per hour, a figure reporfed to be the
actual average hourly ca&ary of the project staff, giQing an
avn?ase development cost.of~$2,268.80. Dare.’_e_s_g;f did noé‘
report estimates of -the costs of development per student contact

-hour nor did they project the number of students to be trained
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annually with these materials. Assuming 200 students perryear
would use these materials for five years, the average cost of

courseware development would be $2.27 per student-contact hour.

" SUMMARY AND RECOMMENDATIONS FOR FURTHER kESEARCH

Since this study was bioad and preliminar; in nature, it raisas more

_questions than it answers. dopefully, it will provide a starting

poiﬁt for further research efforts. In aa effort to promote aud
focus such investigations, this final section highlights the important
finding, suggests a number of hypotheses and topics in need of

research, and discusses appropriate methodology-

!

Hypotheses and Topics

The following summary and suggestions coincide with the
outline of the main body of this paper. Interested readers are
referred to appr;pri;te precegding sections for background
information. !

I. Courseware

A. Stages of courseware development '

In order to provide a comprchensible description
of the varicty of procedures used to develop PLATO
-eeurscware, fivé stages (planning, production,
}eview, validatioq and documentation, and

implementation) were proposed. A description of

their components and interactions asz found in the




courseware development groups under study is

included. The primary questions concern the

generalizability of this model as a descriptive
device and its usefulness in planning fﬁture
efforts. Other research is needed to disccver
the best order in whiéh planning specifications
and rev 'ews should be made in various situationms,

the personnel who. should be responsible for each
- \

stage, and the interactive eéﬁfcts of each stage

\
on total production time. At this time, we
\

~ conclude that all stages should be anticipated

and included in every courseware development
effort. \

Types of lessons

Several schemes for classifyiés types of lessons

are discussed. Once one has been accepted and

lessons have been classified, the hypothesis that
nor; complex and ianteractive lessons require nére \

~ total levelopm. 1t time but are more effective for

certain educational goals should be tested. The.
differential effects of~comp1ex lessons on the
various stages of courseware development should

also be investigated.

3




c. .Scbpe of the courseware
The proper conditions for various levels of the
scope dimensions (breadth, depth, and degree to
which individual lessons are coordinated) need -
to be specified, and the effects of these levels
on group structures, total development~time, and
the stages of courseware dgvelopmeﬂflﬁée& to be
studied.

D. Content areas
More information on the suitability of content

. areas and topics within content areas for

computer-based education is needed.

-~

‘J1. Organization and management o

A. Changing emphases of group activities
The first question is whether or mot the four
emphases discussed (exploration, lesson:
production, curriculum integration, and
1mp1gp§ntation) are realistic, and the second

b .

is h&; progress to the final emphases can be
encouraged.

B. Models of group structures
The four frOpOsed models are the independent

developer, the colleagueship, the lesson designer

with programming assistants, and the support -

|
- ERIC. 6
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staff. Research questions include the
appropriateneés and productivity of each ,
model in different gituations, their
advantages and problems, and the effeéé they
have on the eventu;I courseware'a;d the

stages of courseware deve p;ent.

Influences of the ?kaa §ysten

To resecrch this a;ea, a comparison with other
computer-based systems and other instrqctio;;i
delivery systems should be made. Within the
PLATO system, topics for investigation include
the advantages, disadvantages, and determinancs

of the following topics: system development

" occurring simultaneously with courseware

development:, the usefulness of peripheral
aevices (slides, audio, and touch panel), types
and sources of advice and information, and the
usefulness of support routines.

Characteristics of groups

The personnel selection and training methods
used by the groups in this study were descrived.
Pre-selection measures of courseware development
abilities should be developed, and their

reliability and validity should be determined.

60
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The hypothesis that volunteers are more (or less)
productive than full-time employees should be
investigated. The factors which affect the ‘i‘
"length cf training t'me should be clerified.
E. Characteristics of individuals

% Relevant educational backgrounds and vork
experiences, as we.l as the levels of personal

. interest, were desc_ ibed but need to be
glgrified. ‘For each stage of courseware o
development and each model of group structure,
the advantages and disadvantages of full-time vs.

part-timé work anud the rewards for courseware '

1
\

dg§éi;Eﬁéﬁt‘ﬁork need to be determined.

,F; ﬁééhﬁ;gggchurseware development

- ‘Tﬁe-péfsonnel time and other costs associated :
with all of the above options should be l : /
determined. Also, the length of "calendar" time,
'as opposed to the number of work-hours, for each
option is also needed. The products oflkhese
efforts should be properly measured. Presumably,
such a measure would include the number of
students who use the materials and the}&ea;;h of

time per student, but it may also include the

educational effectiveness of fhe matetials and the

A

O,
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value of the other ferws of instruction being
replaced; The costs of PLATO courseware
development ;hould be compared to the
development costs for other forms of

instruction.

Methodology

Becaus~ this study attempted to delve into a relatively naw
area without many guides for substantive topics or methodology,
the‘primary method 'used for coliccting data had to be exploratory
and flexible. Attempts at desigiing and distributing a
questionnaire, looking at usage data recorded by ‘thc PLATO system,
and asking people to keep a rccor§ of their activitices for a week
were relatively unsuccessful bgcause the data were either very
difftcﬁlt to organize and‘interpret or they were obviously
incom:lete and distortions of the real procedures. Sewi-structured
interviews (see appendix) were finally selected b:cause they could
be used to examine past stages of development, even though the
? accuracy of recall of details is questionable under such
conditions, and could be adapted to the individusl interviewee's
areas >f knowledge. Another important consideration was that
people who were unwilling to spend twenty minutes filling out a

o
questionnaire were willing to spend one or more hours talkink
with & knovwledgeable, interested co}league. Most of the

interviews were recorded on audio tapes, but the primary recr rds
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uced in writing this :eport were summaries written by the
interviewers, using the form¥in the appendix. The form was
designed after the first group had been interviewe. ind was also

based on a great number of questions, observations, and hypotheses

which had been generated by many people over theprevious two
/

/
years.

Many of the hypotheses and topics of the ﬁfevioﬁs section
could and should be studied independently, using a wide variety of
g--stionnairas, tests, interviews, on-line measufes, and other
forms of data. However, ;he complex and incoracting nature of
many vopics indicates the need for a more comprehensive study.

In an effort to supplement intervicws with mor2 objective data,
it is reccmmended that a mechanism for collecting data on time
spent in various activitfés be made available to all PLATO
courseware development groups and, so far as pdssible, to other
cour. *ware development efforts.

Insert Table 5 about here
X possible mechanism would be an interactive lesson or 4
tailored qucstionnaire which asks each developer to indicate on a
regular, pcrhaps weekly, basis how much time has been spent in

each of several activities. Another possibility would be to have

an independent observer use time-sampling techniques to gather
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su@h data. The categories listed in Table 5 are a starting point

but could be mudified by each project to fit individual
circumstances. For instance, some directo&s may want to list
each lessoh under development instead of t%e categories of
instructional lessons indicated. Presumab#y, some categories,
such as "audio messages" or "user recruitmﬁnc," would be
inappropriate for some people or at some t#mes and could be
eliminated under such circumstances. Equip@ent a;d miscellaneous
costs could be filled in separately.’ There would also have to be
accompanying descriptive information about the courseware
development models being used, the selection procedures, the
reward structure, the .cope of the courseware, the number of

t instructional hours, the expected number of students who would '
uge the covrseware and the other topics raised in this paper.
Aiter a sufficient number of projects have used ézis data
collection system to analyze gheir own developmental efforts,
there could be an anonymous data basc which could be used by

new projects to predict the consequences of various decisions.

Through such a process, courseware dcvelopment procedures could

L)
be improved just as the courseware products of these efforts are

improved. Hopefully, this paper is a step in that direction.
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Footnotes

1 Support for this study was provided by a contract given to

2

3

Educa.ional Testing Service (ETS) from the Advanced Research
frojects Agency of the Department of Defense (Contract No, MDA
903-74-C-0290), The authors wish to thank Allen Avmer,

Jemes McKenney, and Martin Siegel for their helpful 1
comments during the course of this study but, of course,
assume full responsibility for the contents of this paper.
Requests fo;' reprints should be sent to Dr, William A, Mahler,
6££1ce of Academic Affairs, Universit> of Wiscoasin, dshimsh,

WL 54901,

At the time of this study, Dr. Mahier was an associate research
psychologist for FF S, He is now a research associate in the
faculty development program at the Univ:orsity of Wisconsin -

Oshkosh,

At the time of this study, Mr, Misselt was a graduate studeat
in educational psychology at the University of Illinois at
Urbans - Chompaign and a research assistant for ETS. He is
now an evalvator for the Military Training Centers project at
the Computer-based Educational Research Laboratory, University

of Illinois uc Urbana - Champaign,
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e At the time of this study, Mr. Schell was a graduate student
iv computer science at the University of Yllinois at Urbana -
Champaign and a research assistant for ETS. He ha: now

seturned to full-time graduate study.

> PLATO is an acronym for Prugrammed Logic for Automated

Teaching Operations, a computer-based educational system

developed at the University of Illinois at Urbana - Champaign.
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Table 1

Description of the Study Sample

73

Grouns Dates of No. of People
P Interviews Interviewed
i
Elementary June, 1974; 8
Reading March, 1975
|
Elementary August-September, 19
- — - Mathemattcs 1974 ‘»
Accounting June, 1974;% &
December, 1974
Biology December, 1974; 4
NSF March, 1975
Project Chemistry July, 1974; s
- December, 1974;
March, 1975
Community July, 1974; 11
College December, 1975
English
Community July, 1974; 6
College December, 1974
Mathematics
Aberdeen December, 1974 6
Proving
(rounds
ARPA
Chanute Air January, 1975 9
Project Force Base
Sheppard Air February, 1975 11

Force Base




Tabie 1--Continuéd
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Groups Dates of No. of People
up Interviews Interviewed
Military August, 1974 S
Training
Centers
Support PLATO Services August, 1974 4 /
Organization i
Groups . /
PLATO August, 1974 4
Educaticnal :
Evaluation
and Research .
Basic Medical February-March, 9
Sciences 1975 )
University | poreign July, 1974 7
GEOups Languages
Vaterinary August, 1974 6
Medicine
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Table 2
NMumber of Groups Using Variogs
K4 Reviewecs and: Targets of Revi
L
- Revievers
Targevs of Othey N E;ctemal Instructor- | Student
Review Developers Experts w3ers Testing
Content 12 3 7 8
Instructional 12 3 - 5 n
Design .
Coding ' 10 o 0 7




Table 3

Comparison of Models of Group Structure
and PLATO Groups

Models

Groups
(With Lesson
Starting Desiguner
Dates) Independent Colleagueship with Support
Developer Staff
Programming
Asgistants
. -
Foreign Phage 1 Phase 1 Phase 1 Phase 1
Languages
(Sept., 1966)
Chemistry Phase 1 Phase 1 ——- .-
(Sept., 1967)
BRiology Phase 1 Phase 1 Phase 1 --7/
‘-‘.(Sept., 1968) : \
Elementary Phas. 1 -——- Phase 1 ——-
School
Mathematics R Phase 2 - -
(Sept., 1968) ——- Phase 3 Phase 3 Phase 3
Veterinary - - Phase 1 Phase 1
Medicine
(Sept., 1970)
Elementary o= Phase 1 e ——-
Scheol -
Reading .—- Phase 2 - Phase 2 Phase 2
{April, 1971) )
3 -
. - ‘ Phase 1 Phase 1 . Phase 1 .—-
Communi ty -
College
English Phase 2 Phase 2 ghnse 2 Phase 2
(uly, 1971) --- Phase 3 Phase 3 | Phase 3
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Table 3-<-Continued

18

Groups
(With

Starting
Dates)

Models

Independent
Developer

Colleagueship

Lesson
Designer
with

Programming
Assistants

Support
Staff

Community
College
Mathematics

(July, 1971)

Phase 1

Phase 1

Phase 2
1]

Phase 2

~-Accounting

Phase 1

Military
Training
Centers
(July, 1972)

Phase 1

— -

~hanute Alr .
Force Base

(August, 1972)

Phase 1

Phase 1

Phase 2

Phase 2

Aberdeen
Proving -
Grounds
(March, 1973)

“hase 1

Basic Medical

Sciences
(Inly, 1973)

Phase 1

“Phase 2

Phase 2

Phase 2

*PLATO
Services

Organization
(August, 1973)

Phase 1
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Groups
(With

Starting
Dates)

L

Models

Independent
Developer

Colleagueship

Lesson
Designer
with
Programming
Assistants

Support
Staff

**PLATO
Educational
Evaluation and
Research
(August, 1973)

Phase 1

Sheppard Air
Force Base
(Feb., 1974)

Phase 1

Phase 1

* The people in this group functioned as consultants as early as
1971, but a formal organization was noc established until

August, 1973,

** Successcr to the CERL Evaluation Office, which was begun in

August, 1967.

8t




Table 4

Relevant Background Characteristics ;

NSF- ARPA- CERL ?
funded funded | Support Uné:::sity Torals L
Projects | Projects | Groups P
High School ‘
Graduates or 7 8 0 0 15 |
Students ‘
College I
Graduates 13 10 1 3 29 |
|
Masters or . .
Equivalent 27 4 6 7 44
Degrees
Doctorates 12 4 8 10 3
- f
Teaching
Experience 36 16 11 11 74
Curriculum
Development 4 4 1 1 10
Experience .
Non-PLATO ‘
Computer 21 5 7 6 39
Experience

8
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Table 5

Categories for Collecting Courseware Development Data

o

Personnel [Equip

Time ment

| Costs
; ”~~
* slel, 3
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wil ] 3130 |&lm~wnm

I ADRE-EE

START-UP:

Selecting Developers

Training Others and Consulting

|
|
»

Being Tranied and Keeping Up

Expis:iég System Carabilities

PLAYNING:

§?ecifying Content

Specifving Instructional Strategy

Specifying Program Structure

PRODUCTION:
Instructional Lessons:
Drill and Practice

Tutorial

Cames and Simulations

Other

Support Lessons:

Routers

88




Table 5--Continued

Personnel

Time

|Costs

Equip-
| meat

J

Director
Professionals
Junfor Staff

Support Staff

Computer Access
Other Equipment

Supplies, etc.)

(Travel,

Miscellaneous

Drivers

Data Collection

Other Media:
Slides/Microfiche

Audio Mes3ages

Workbooks

Other

REVIEW:

Revieving Lessons by Other
Developers ’

Feedback From Other Developers

Feedback From External Experts

Feedback From Instructor-Users

3

Feedback From Initial Student-Users

VALIDATION & DOCUMENTATION:

Study Design ey

Instrunent Development

AN

-User Recruitment




Table 5--Continued
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Data Collection;f"‘

Data Analysis

Documentation

IMPLEMENTATION:
Maintenance

Updating

HARDWARE/SOFTWARE :

Davelopment

Maintenance

ADMINISTRATION/COORDINATION

Dissemination '




Appendix

Individual Interview Summary

Name
Curriculum Group

Positicn
Appointments
% time (in each)
Title on project
Starting date

- Background
Education
Experience
Previous PLATO work
Programming
Teaching
Curriculum design : e
Initial expectations

Product .
What is it (programs, parts of programs, content)?
Example (if tangible)
Other products
Criteria for judging products
How many instructional hours?
How many work-hours to produce them?

Role and Process

Role in production of courseware

Degree of autonomy

Nonproduction activities )
Interaction with instructor-users (demos, workshops, recruiting)
Interaction with professional community (conferences, reading/writing

publications
Administration (personnel, coordination of meetings, reports, external
evaluation)

Proctoring of students

Advising (TUTOR, lesson design)

Training -

Other (hardware development, etc.)

Inputs Received
Kiads and sources
How are they used?
Review * cedures (criteria for acceptance of your work)

Online/offline methods and Sehavior
What is done online
What is done offline
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Use of Time
Time devoted to single tasks (continuous? interrupted?)
Partition of work load (uniform? peaks?) \

Ideal Production Model
Division of roles
Chacracteristics of staff
Other comments

. < of TUTOR

Learning time and conditions
Original
Continuing

. Level of skill (check one) .

Uses all "tools" (common, algorithms, answer processing, data)
Uses some 'tools"
Writes structured (sequenced) lessons
Writes li{near lessons
Typing (some coding)
No editing (sign-on and communications only)

Correspondence between skill level and job requirements

Kind of programming
Instructional
Support
Revision

Use of resources/work style
Flowcharts
Printouts
AIDS/manuals
Consultation
TUTOR as aild or hindrance to instructional design

|

Attitudes
Motivations and rewards
Principal dislikes about job
Long-term impact of PLATO
"Impact of PLATO on individual (benefits, side effects)

Comments

PN
B




